Introduction to the epidemiology and natural history of severe skin structure infections
========================================================================================

Acute bacterial skin and skin structure infections (ABSSSIs), which include cellulitis/erysipelas, wound infections, and abscesses, are among the most common infections in health care and pose a tremendous burden on the health care system.[@b1-tcrm-11-857] Such infections account for 6.3 million physician office visits and over 850,000 hospital admissions annually in the United States.[@b2-tcrm-11-857],[@b3-tcrm-11-857] More importantly, the incidence of ABSSSI appears to be increasing. Between 2000 and 2004, the number of total hospital admissions for ABSSSIs increased by almost 30%;[@b3-tcrm-11-857] between 2005 and 2011, the number of total hospital admissions for ABSSSIs increased by over 17%.[@b4-tcrm-11-857] Similarly, the number of emergency department visits for skin and soft tissue infections has almost tripled from 1.2 million to 3.4 million patients between 1993 and 2005.[@b5-tcrm-11-857]

A variety of pathogens cause severe skin structure infections. However, Gram-positive organisms predominate. In fact, the new treatment algorithm for skin and soft tissue infections, used by the Infectious Diseases Society of America, focuses on antimicrobials against *Streptococcus* spp. and *Staphylococcus aureus*, and particularly focuses on methicillin-resistant *S. aureus* (MRSA).[@b6-tcrm-11-857] Unfortunately, many treatment options for the outpatient treatment of MRSA infections, including vancomycin, daptomycin, ceftaroline, and telavancin, are only available in intravenous formulations. Other oral options have serious drawbacks. For example, clindamycin requires administration three to four times per day. In addition, clindamycin resistance among MRSA isolates appears to be increasing.[@b7-tcrm-11-857],[@b8-tcrm-11-857] Although quite active against MRSA, the efficacy of trimethoprim--sulfamethoxazole against *Streptococcus pyogenes* remains subject to debate.[@b9-tcrm-11-857],[@b10-tcrm-11-857] Thus newer, oral treatment options for skin structure infections are needed.

Outline of current and emerging developments in the management of skin structure infections
===========================================================================================

A number of new antibiotics have shown efficacy in the treatment of complicated skin and skin structure infections including daptomycin,[@b11-tcrm-11-857] ceftaroline,[@b12-tcrm-11-857] linezolid,[@b13-tcrm-11-857] dalbavancin,[@b14-tcrm-11-857] ortiavancin,[@b15-tcrm-11-857],[@b16-tcrm-11-857] telavancin,[@b17-tcrm-11-857] and tedizolid.[@b18-tcrm-11-857] The most recently approved antibiotics fall into two separate classes: lipoglycopeptides (oritavancin and dalbavancin) and oxazolidinones (linezolid and tedizolid).

Lipoglycopeptides have several advantages compared to conventional antibiotic therapy for ABSSSIs. First, both dalbavancin and oritavancin have activity against MRSA, in addition to a broad variety of other Gram-positive pathogens.[@b14-tcrm-11-857],[@b16-tcrm-11-857] Second, both agents, which are non-inferior to vancomycin in large double-blind studies, can be conveniently dosed once-weekly.[@b14-tcrm-11-857],[@b16-tcrm-11-857] In addition, at least one lipoglycopeptide, dalbavancin, had fewer adverse events compared to standard therapy of vancomycin and linezolid in a randomized controlled trial.[@b14-tcrm-11-857] Thus, lipoglycopeptides are more convenient and may be safer.

However, lipoglycopeptides have limitations. First, they are currently limited to intravenous formulations for the treatment of ABSSSIs. Second, they have a long plasma half-life[@b14-tcrm-11-857] and cannot be removed via dialysis;[@b19-tcrm-11-857],[@b20-tcrm-11-857] thus management of patients with an acute allergic reaction would be very limited. Finally, dalbavancin requires an inconvenient second infusion for the treatment of ABSSSI.[@b14-tcrm-11-857]

Review of microbiology, pharmacology, mode of action, and pharmacokinetics of tedizolid
=======================================================================================

Tedizolid and linezolid are both oxazolidinones and share many characteristics. First, both agents have the same spectrum of activity. Specifically, oxazolidinones are active against Gram-positive bacteria, including multidrug resistant organisms such as MRSA and vancomycin-resistant *Enterococci*.[@b21-tcrm-11-857] Second, both agents share the same mechanism of action: binding to the highly conserved, peptidyl transferase A-site of ribosomal ribonucleic acid (rRNA), thus inhibiting protein synthesis.[@b22-tcrm-11-857] Third, both agents have high oral bioavailability (86%--100%), allowing for oral step-down therapy.[@b23-tcrm-11-857]--[@b25-tcrm-11-857] Fourth, the efficacy of both agents is not dependent upon the peak concentration of drug (like aminoglycosides) or the time bacteria are exposed above the minimal inhibitory concentration (like beta-lactams). Rather, the ratio of the free area under the 24-hour concentration--time curve to the minimum inhibitory concentration appears to best predict the bactericidal effect of oxazolidinones.[@b26-tcrm-11-857],[@b27-tcrm-11-857]

However, tedizolid may have several theoretical advantages over linezolid from a microbiologic standpoint. First, tedizolid has at least four fold greater in vitro activity than linezolid.[@b21-tcrm-11-857],[@b28-tcrm-11-857] This increased potency may be related to two reasons: tedizolid accumulates at higher intracellular concentrations in phagocytic cells than linezolid;[@b29-tcrm-11-857] and unlike linezolid, tedizolid can bind to additional target sites interactions within the 23s rRNA.[@b30-tcrm-11-857] Second, due to these additional binding sites, tedizolid retains activity against MRSA strains carrying the linezolid resistance cfr rRNA gene mutation.[@b30-tcrm-11-857],[@b31-tcrm-11-857] Therefore, tedizolid has a higher theoretical barrier to resistance than linezolid. In one study, only 16 (0.19%) of 6,884 Gram-positive clinical bacterial isolates demonstrated intermediate or resistant phenotypes to tedizolid.[@b32-tcrm-11-857] However, in vitro studies evaluating intracellular antibiotic accumulation, antibiotic potency activity in microbiology laboratories, and location of rRNA binding sites using crystallography and mathematical simulations should not be used as surrogates for clinically relevant outcomes. Further studies, in patients, are required to determine if these theoretical benefits will actually be relevant for patient care.

Tedizolid has one concrete advantage over linezolid from a pharmacology standpoint. Tedizolid half-life values are approximately two fold greater than linezolid.[@b25-tcrm-11-857] This allows for once-daily dosing as opposed to twice-daily therapy with linezolid. In addition, increased potency may account for tedizolid's efficacy after only 6 days of therapy (linezolid was given for 10 days). However, the demonstration of shortened therapy may simply reveal that the standard treatment of ABSSSIs by linezolid may well be too long.

Tedizolid also has several theoretical advantages over linezolid from a pharmacology standpoint; however, these findings have yet to be substantially established in humans. First, tedizolid is less likely to inhibit monoamine oxidases than linezolid when evaluated in a laboratory setting.[@b33-tcrm-11-857] Human studies have supported these findings, but involved few patients. Second, the risk of serotonin syndrome in mice that were administered tedizolid was not only significantly lower than the linezolid group but was also comparable to the placebo group -- even with supratherapeutic dosing.[@b33-tcrm-11-857] However, further experience with humans on tedizolid and selective serotonin reuptake inhibitors is required. Finally, tedizolid may have less mitochondrial toxicity than linezolid. Although tedizolid inhibits mitochondrial protein synthesis more potently than linezolid, pharmacokinetic data suggest that the duration of inhibition is shorter for tedizolid -- allowing for mitochondrial recovery -- dramatically reducing the potential for myelosuppression and neuropathy in animal models.[@b34-tcrm-11-857] Importantly, these findings have yet to be confirmed in clinical studies.

In addition to understanding the similarities and differences between tedizolid and linezolid, health care providers should understand the following background pharmacology information prior to caring for patients on tedizolid. First, tedizolid dose adjustment is not necessary in patients with renal or hepatic impairment[@b35-tcrm-11-857] as tedizolid excretion is predominately through the fecal (80%--90%) route.[@b36-tcrm-11-857] Second, pharmacokinetic studies also demonstrated that tedizolid phosphate can be administered without regard to meal status.[@b25-tcrm-11-857] Third, as discussed above, tedizolid intravenous and oral pharmacokinetic profiles were similar -- making tedizolid an excellent option for oral step-down therapy.[@b25-tcrm-11-857] Finally, tedizolid has good penetration into skin and soft tissue -- making it an ideal option for ABSSSI.[@b37-tcrm-11-857] However, tedizolid penetration in other tissues is currently not well-established (although excellent lung penetration in healthy volunteers appears promising).[@b38-tcrm-11-857] Thus, prescribers should be cautious about using tedizolid in other conditions.

Patient-focused perspectives such as quality of life, patient satisfaction/acceptability, adherence, and uptake
===============================================================================================================

The ESTABLISH-1 and ESTABLISH-2 trials are the largest patent-focused studies of tedizolid to date. Each trial, which will be discussed in detail below, was designed as a non-inferiority study comparing tedizolid to linezolid.

The ESTABLISH-1 trial randomized 666 patients with ABSSSIs to oral tedizolid once daily for 6 days versus oral linezolid twice daily for 10 days.[@b39-tcrm-11-857] The well-performed, non-inferiority, double-blinded study included 81 study centers throughout North America, Latin America, and Europe and was evaluated using a rigorous intent-to-treat analysis and two separate response rates: early clinical treatment response (48--72 hours) and sustained clinical treatment response (11 days). Both linezolid and tedizolid had similar rates of clinical cure for ABSSSIs. The early treatment response rate was 80% in the tedizolid arm compared to 79% in the linezolid treatment group. The late treatment response rate was 69% in the tedizolid phosphate group compared to 72% in the linezolid group. Treatment-emergent adverse events between the two groups were also similar; however, nausea was statistically less likely in the tedizolid arm than the linezolid arm (9% vs 13%).

The ESTABLISH-2 trial randomized 666 patients to intravenous tedizolid once daily for 6 days versus intravenous linezolid twice daily for 10 days, with an option for oral step-down therapy. This non-inferiority, double-blinded study was also well-performed and included 58 study centers throughout North America, Europe, Africa, and Asia and was evaluated using a rigorous intent-to-treat analysis and two separate response rates: early clinical treatment response (48--72 hours) and sustained clinical treatment response (11 days). Both linezolid and tedizolid had similar rates of clinical cure for ABSSSIs. The early treatment response rate was 85% in the tedizolid arm compared to 83% in the linezolid treatment group. The late treatment response rate was 87% in the tedizolid phosphate group compared to 88% in the linezolid group. The overall rates of treatment emergent adverse events in ESTABLISH-2 trial were similar between the two arms. However, the tedizolid arm had a lower rate of gastrointestinal disorders (diarrhea, nausea, and vomiting) compared to the linezolid arm (16% vs 20%).[@b18-tcrm-11-857]

A Phase two dose-ranging study also demonstrated that tedizolid was well tolerated at all studied doses, with no patients discontinuing treatment because of an adverse event.[@b40-tcrm-11-857] Common drug-related adverse events included: nausea (16.5%), diarrhea (8.5%), vomiting (6.9%), and headache (6.4%) -- all of which were non-dose dependent.

When pooled data from human trials were analyzed, tedizolid was less likely to cause thrombocytopenia than linezolid.[@b27-tcrm-11-857] However, the statistically significant decreases were observed beyond 7 days of therapy, after tedizolid had been discontinued. Studies evaluating longer duration tedizolid therapy are lacking. One very small 21-day Phase 1 study in healthy volunteers suggested that tedizolid may show less thrombocytopenia than linezolid.[@b41-tcrm-11-857] Clearly, further data are required to determine if the delayed onset thrombocytopenia observed in linezolid is directly related to higher bone marrow toxicity of linezolid compared to tedizolid or if the delayed onset thrombocytopenia is simply related to a longer duration of therapy. Similarly, larger study populations, likely taking tedizolid for longer durations, are required to evaluate if the lower observed neurotoxicity and drug interactions will also be observed in humans.

Conclusions, place in therapy
=============================

Tedizolid, in our opinion, is a promising antibiotic for the treatment of ABSSSIs. Indeed, once daily dosing and shorter duration of therapy compared to linezolid and other traditional antibiotics are attractive to prescribers. Tedizolid also has several theoretical benefits over linezolid as well: it may be less likely to cause serotonin syndrome; it may be less likely to interact with monoamine oxidase inhibitors; it may be less prone to developing resistance; it may be more potent than linezolid; and it may be less likely to cause neuropathy.

However, tedizolid has one very important drawback: it is very expensive. The current wholesale price for a 6-day course of tedizolid is \$1,692 for intravenous therapy and \$2,212 for oral therapy.[@b42-tcrm-11-857] One must query if the advantages of tedizolid are worth the added expense in a condition that has a long list of viable treatment alternatives.[@b6-tcrm-11-857] For example, although a 10-day course of linezolid currently costs \$3,393.28 without insurance,[@b43-tcrm-11-857] the price is expected to drop dramatically after it becomes generic; linezolid's patent is expected to expire soon.[@b44-tcrm-11-857] Other, more traditional, antibiotics for ABSSSIs which also have excellent MRSA coverage are still very reasonably priced at major pharmacy retailers. For example, trimethoprim--sulfamethoxazole costs less than \$4.00 for a 30-day supply, and is as effective as clindamycin for ABSSSIs;[@b45-tcrm-11-857],[@b46-tcrm-11-857] doxycycline costs a little over \$70.00 for a month-long supply.[@b43-tcrm-11-857]

We look forward to further data to support animal and laboratory studies which suggest that tedizolid may be a viable alternative for patients with a contraindication for linezolid therapy such as for patients on selective serotonin reuptake inhibitors and monoamine oxidase inhibitors. Also, patients with conditions like multidrug resistant mycobacteria, who require linezolid therapy for months, may theoretically benefit from tedizolid.

We also look forward to future studies exploring tedizolid, alone or in combination with other antibiotics, to treat more serious infections such as *S. aureus* bacteremia, endocarditis, prosthetic joint infections, or lung infections. If these studies support the use of tedizolid for more serious infections, step-down oral tedizolid therapy to complete a 4-week or 6-week course of antibiotics, rather than a course of intravenous antibiotics, would be very attractive to both patients and providers.

In our clinical practice, we will likely continue to use more conventional antibiotics to treat most ABSSSIs, such as cephalexin (when the suspicion for MRSA is low), trimethoprim/sulfamethoxazole, doxycycline, clindamycin, vancomycin, daptomycin, and linezolid. However, in circumstances when a patient assistance program or insurance coverage handles most of the outpatient cost, when compliance is a concern, and when shorter duration therapy is needed, tedizolid should be considered.
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